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The overall incidence of congenital vascular mal-
formations in the general population is 1.5%. There
are variations by geographic regions.1-7 A congenital
vascular malformation is defined as “an embryologi-
cally developed, inborn error of vascular morpho-
genesis leading to true structural anomalies. By def-
inition, they are congenital (present at birth).”8,9
Predominantly venous malformations are the most
common. They occur in the deep venous systems
and in the superficial venous systems and comprise
two thirds of all congenital vascular malforma-
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Purpose: The overall incidence of congenital vascular malformations in the general
population is 1.5%. Approximately two thirds of them are malformations of venous
predominance. Abnormalities of the deep venous trunks have been observed in asso-
ciation with large superficial compensatory varices in these type of malformations.
Knowledge of the integrity of the deep venous system is important in their manage-
ment because excision of the enlarged superficial veins may be deleterious if there is
aplasia or hypoplasia of the deep venous trunks. The objective was to investigate the
prevalence and nature of deep venous anomalies that occur in patients with congeni-
tal vascular malformations of venous predominance both in our series and in the
series from the medical literature.
Methods: From the last 35 years of medical literature, we reviewed seven series of con-
genital vascular malformations that provided pertinent information on the subject of
our study. We also reviewed our own series of 392 patients with congenital vascular
malformations studied at Children’s Hospital of Mexico City (1963-1983; n = 223
children) and at Walter Reed Army and National Naval Medical Centers (1984-1998;
n = 169 children). Of 392 patients, 257 (65.5%) had malformations of venous pre-
dominance; these were the subject of our analysis. Prevalence of the following deep
venous anomalies was recorded: phlebectasia, aplasia or hypoplasia of venous trunks,
aneurysms, and avalvulia. Diagnosis was made by one or more of the following meth-
ods: Doppler scanning, duplex scanning, plethysmography, computerized tomogra-
phy, magnetic resonance imaging, and angiography. 
Results: At least one anomaly of the deep venous system was present in 47% of the con-
genital vascular malformations of venous predominance reviewed. Phlebectasia was
recorded in 36% of the cases, and aplasia or hypoplasia of deep venous trunks was
observed in 8% of the cases. Venous aneurysms also were present in 8% of the cases;
avalvulia was recorded in 7% of the cases.
Conclusion: Anomalies of the deep venous system occur in almost one half of congenital
vascular malformations of venous predominance. The most common is the relatively
innocuous phlebectasias that occur in over one third of cases. Aplasia/hypoplasia,
venous aneurysms, and avalvulia were less frequent, each less than 10%; but failure to
detect the latter three anomalies may lead to serious therapeutic errors. (J Vasc Surg
2000;31:462-71.)
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tions.9,14 They may be localized or diffuse and are
often accompanied by anomalies of the deep venous
trunks. The purpose of this study was to investigate
the prevalence and nature of deep venous anomalies
that occur in patients with congenital vascular mal-
formations of venous predominance. Prevalence is
defined as the total number of cases of affected per-
sons, old and new, existing in a specified population
at a particular moment. Knowledge of the integrity
of the deep venous trunks is essential in preventing
management errors. Data were obtained from the
analysis of our own series and a retrospective review
of the medical literature.
MATERIAL AND METHODS
We reviewed our clinical experience with 392
patients with congenital vascular malformations stud-
ied at the Children’s Hospital Medical Center in
Mexico City (1963-1983; n = 223 patients; age range,
2 days–16 years [mean, 6.6 years]; male, 103 patients;
female, 120 patients; follow-up period, 2 months–14
years [mean, 8.7 years]) and at Walter Reed Army and
National Naval Medical Centers (1984-1998; n = 169
patients; age range, 2 months–65 years [mean, 32
years]; male, 77 patients; female, 92 patients; follow-
up period, 4 months–10.4 years [mean, 7.2 years]).
Of 392 patients, 257 patients (65.5%) had congenital
vascular malformations of venous predominance. This
group constitutes the basis of our analysis. The
remaining 135 patients from our series had vascular
malformations that involved the following systems:
arterial (n = 8 patients; 2.0%), arteriovenous (n = 69
patients; 17.6%), and lymphatic (n = 58 patients;
14.7%). All of these patients were excluded from this
analysis. We also reviewed the series from the medical
literature that dealt with congenital vascular malfor-
mations during the last 35 years. We analyzed the data
of seven series that were selected on the basis of focus
on congenital vascular malformations, sample size, and
adequate information on the prevalence of one or
more of the deep venous anomalies that had been
investigated and published by an investigator known
for his interest in the subject. Prevalence of the fol-
lowing deep venous anomalies was recorded: 
1. Phlebectasia: a diffuse dilatation of one or more
venous segments15,16a;
2. Aplasia or hypoplasia: an absence or under devel-
opment of venous trunks12;
3. Aneurysm: a localized area of venous dilatation
that communicates with a main venous structure
by a single channel, not to be associated with
arteriovenous malformations nor to be contained
within a segment of varicose vein16b,17; 
4. Avalvulia: an absence of valves in the venous
trunks of one or more extremities.11,18-20
Diagnosis was made clinically and by noninvasive
and invasive techniques with one or more diagnostic
methods. In our series, during the 1963 to 1983 peri-
od, angiography was predominantly used. This includ-
ed ascending and descending phlebography, varicogra-
phy, and arteriography. These tests were extensively
used because bidirectional Doppler scanning was the
only noninvasive instrument available at Children’s
Hospital in Mexico City at the time. In the period
1984 to 1998, in addition to Doppler scanning, diag-
nosis was made with one or more of the following
noninvasive techniques: duplex color-flow scanning,
strain gauge plethysmography,20-28 computed tomog-
raphy,29-31 and magnetic resonance imaging
(MRI).32-35 Invasive angiography was used in com-
plex cases where the noninvasive diagnostic methods
were not conclusive. In addition to descending phle-
bography, a modified ascending phlebography tech-
nique with diluted contrast media was used to diag-
nose avalvulia. We will refer to this method later. Our
analysis considered all diagnosed vascular malforma-
tions of venous predominance in which diagnosis was
made by one or more of the diagnostic methods
described. 
Data analysis. Prevalence with 95% confidence
interval was assessed for each type of anomalies (eg,
phlebectasia, aplasia/hypoplasia, aneurysms and
avalvulia). Meta-analysis was used to evaluate the
fixed effect of the prevalences across the study series
for a given type of anomaly. The meta-analysis was
Table I. Overall prevalence of deep venous anom-
alies in patients with congenital vascular malforma-
tions of venous predominance
Patients with
Patients at least one Prevalence
Author (n) anomaly (n) per group* (%)
Belov13 347 288 83 (79-87)
Browse et al16a,16b 49 21 43 (29-57)
Gloviczki et al42 144 27 19 (12-25)
Malan11 234 179 76.5 (71-82)
Paes & Vollmar39 117 114 98 (96-100)
Servelle38 768 394 51 (48-55)
Taute et al22 50 11 22 (11-33)
Villavicencio et al40 257 87 34 (28-40)
Median prevalence 47
*Median prevalence of deep venous anomalies per series was esti-
mated within 95% confidence interval. The data in parenthesis
represent the lower and upper limits for the 95% confidence inter-
val for each prevalence. The homogeneity test showed that preva-
lence varied significantly (P < .001).
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performed in two steps: First, a homogeneity test was
performed to detect whether there was a difference in
prevalence of a given anomaly among the study series.
Second, if there was no difference in prevalence, then
the fixed effect was calculated; in the case of a statisti-
cally significant homogeneity test (P < .05) that indi-
cated that prevalence varied among the series, a medi-
an of prevalence among the study series was then
obtained. A computer program with the use of SAS
(SAS Institute Inc, Cary, NC), a statistical analysis
software package, was written to calculate prevalence
and to perform homogeneity tests. All tests were 2-
tailed, with type I error set at α = 5%.36,37
RESULTS
A summary of our results is shown in Table I, and
the detailed analysis of data is shown in Table II. The
estimated prevalence (median) of deep venous anom-
alies in patients with congenital vascular malforma-
tions of venous predominance was 47%. This means
that at least one deep venous anomaly was present 
in 47% of patients with vascular malformations of
venous predominance. As it may be observed in
Table II, phlebectasia constituted the most frequent-
ly reported deep venous anomaly; the median preva-
lence was 36%.11,13,16a,21,22,38,39 Aplasia or hypopla-
sia of the deep venous trunks that resulted in outflow
obstruction with the development of large superficial
venous collaterals was recorded in 2% of our series
and in 8% of the series from the medical litera-
ture.16b,22,35,38,39,40,41 Venous aneurysms occurred
in 8% of the series reviewed and in 8% of our own
series.13,17,38-42
Avalvulia, a rare deep venous anomaly that leads
to severe venous stasis and chronic venous insuffi-
ciency, was found in 4% of our series and in 7% of the
medical literature series.12,16b,18-20,39,40
DISCUSSION
There are numerous classifications and named syn-
dromes (eponyms), which often have led to confusion.
In our study, we followed Malan’s classification,10,11 a
classifying criteria that was adopted and slightly modi-
fied in the “Hamburg classification” of 1988.12,13
Depending on the vascular system predominantly
involved, congenital vascular malformations are divid-
ed into the following five groups: arterial (ie, arterial
aneurysm, arteriectasia), venous (ie, predominantly
venous malformations, either localized or diffuse),
arteriovenous (ie, low or high flow), lymphatic (ie,
previously termed cystic hygroma and lymphan-
gioma), and mixed or combined. In the latter, there is
more than one system involved (combined malforma-
tions such as venous-lymphatic). These malformations
may occur in the main trunk and in the visceral or
peripheral vessels. This classification has the advantage
that it focuses on the important anatomopathologic
features and the resulting therapeutic options. 
Mulliken and Glowacki8 and Young9 have pro-
posed a classification that is based on the hemody-
namic and biologic characteristics of the tissue
endothelium. Mulliken and Glowacki8 consider
Table II. Prevalence of deep venous anomalies in congenital vascular malformations of venous predominance
Aplasia/hypoplasia
Author Patients (n) Phlebectasia* of deep* veins Aneurysms* Avalvulia*
Belov13 347† 180/347; 29/347; 71/347; N/R
52% (47%-57%) 8% (5%-11%) 20% (16%-25%)
Browse et al16a,16b 49‡ N/R 9/49; 18% (8%-29%) N/R 3/49; 6% (0%-12%)
Gloviczki et al42 144 N/R 13/144; 9% (4%-14%) 7/144; 5% (1%-8%) N/R
Malan11 234† 96/234; N/R N/R 21/234;
41% (35%-47%) 8% (5%- 13%)
Paes & Vollmar39 114† N/R 53/117; 46% (37%- 56%) 17/117; 15% (8%- 21%) 73/117; 64% (55%- 73%)
Servelle38 768† 276/768; 48/768; 64/768; N/R
36% (33%-39%) 6% (5%-8%) 8% (6%-10%)
Taute et al22 50† 7‡/50; 14% (4%-24%) 1/50; 2% (0%- 6%) N/R N/R
Villavicencio et al40 257† 21/257; 8% (5%-12%) 5/257; 2% (0%-4%) 21/257; 8% (5%-12%) 10/257; 4% (2%-6%)
Median prevalence (%) 36 8 8 7
N/R, Not reported.
*Prevalence of deep venous anomalies in patients with congenital vascular anomalies of venous predominance were estimated. The data
in parenthesis represent the lower and upper limits of prevalence of the 95% confidence interval for each prevalence. The homogeneity
test showed that prevalence varied significantly (P < .001).
†Patients with congenital vascular malformations of venous predominance.
‡Patients with Klippel Trenaunay syndrome.
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hemangiomas and vascular malformations. Heman-
giomas are “localized vascular growths or tumors
which have a rapid growth phase, are most common
in infancy but are also seen in adults, and may be
localized to muscle, synovia, or nerve sheaths.”
Hemangiomas frequently have a regression phase.
Vascular malformations have a normal rate of endo-
thelial turnover and grow with the individual. They
may affect the capillary, arterial (pure or with arteri-
ovenous fistulas), venous, and lymphatic vessels or a
combination of them and may be localized or diffuse. 
Blood vessels develop from a retiform plexus of
capillaries.43 It is not difficult to conceive that, in
such complex development, something may change
and sequestrated areas of the primitive capillary net-
work might develop into single or combined malfor-
mations that involve all parts of the vascular system.
In these cases, individuals are born with a vascular
Fig 1. Congenital vascular malformation of venous predominance with severe involvement of
the lymphatic system, which resulted in gross foot deformity. There is a port-wine stain (cap-
illary malformation) on the lateral aspect of the lower limb. The superficial femoral vein is
absent in this extremity. This should be classified as a combined vascular malformation.
malformation. Some malformations are occasional
and nonfamilial. There are few that can be inherited,
such as the Rendu-Osler-Weber syndrome, also
known as hereditary hemorrhagic telangiectasia.
Another autosomal-dominant inherited familial pat-
tern of venous malformation that is related to chro-
mosome 9p was described by Gallione et al44 and
Boon et al45 in different cohorts.
Our statistical analysis revealed that 47% of
patients with congenital vascular malformations of
venous predominance have at least one anomaly of
the deep venous system. Our detailed findings are
summarized in Table II. The following anomalies
were recorded in the order of frequency: phlebecta-
sia, aplasia or hypoplasia of deep venous trunks,
venous aneurysms, and avalvulia. Other anomalies
that affect the superficial venous and lymphatic sys-
tems may be associated.
When they are localized, phlebectasias are usually
asymptomatic and have little or no hemodynamic con-
sequences. However, when they are diffuse, venous
stasis, pain, and manifestations of chronic venous
insufficiency may be present. Patients with combined
malformations (such as the Klippel Trenaunay and
Maffucci syndromes) often have extensive areas of
phlebectasias in the lower or upper extremities.
Venous thrombosis may easily occur in the dilated
venous reservoirs and explains the high incidence of
thromboembolism reported in these diffuse malfor-
mations by our European colleagues.39 Phlebectasias
were recorded in 36% of the series studied and in 8%
of our own cases.11,13,16a,21,22,38,39
Aplasia or hypoplasia of deep venous trunks fol-
lowed in frequency. It was reported in six of the eight
series reviewed, including ours. These are anomalies of
the vascular system that may remain undiagnosed dur-
ing the life of the individual or may be part of other
malformations that are unsightly and quite sympto-
matic (Fig 1). Tortuous, dilated, compensatory super-
ficial varicosities and a large vena marginalis are com-
mon findings in cases of aplasia of the popliteal,
femoral, or iliac venous trunks. In these cases, surgical
attempts to excise the dilated varicosities may result in
more harm than good if the pathophysiologic features
and anatomy of the malformations are not clearly
understood. Paes and Vollmar39 and Vollmar and
Voss46 reported severe hemodynamic obstruction to
the venous outflow after extensive resection of the
enlarged venous trunks in patients with undiagnosed
aplasia of the deep venous system. Increased compart-
mental pressure that leads to venous gangrene may
result if the only venous outflow of the extremity is
resected. Gloviczki et al42 reported a patient with
femoral vein atresia in whom leg ulcers and venous
claudication developed after the greater saphenous
vein and other superficial varices were stripped. A ven-
ovenous bypass graft had to be performed to alleviate
the symptoms. Two other patients with atresia of 
the femoral vein experienced the development of
severe venous insufficiency after saphenous stripping.
Lindenauer47 reported the worsening of pain, heavi-
ness, bleeding, and leg infections in 11 of 12 patients
with Klippel Trenaunay syndrome who underwent
excision of varices and saphenous stripping. It should
be added that excision of the large superficial veins in
Klippel Trenaunay syndrome, as we have reported,40
will provide considerable palliation and can be safely
performed as long as the deep system is intact. For
these reasons, awareness of the patency and anatomic
variations of the deep venous system are essential
before an aggressive treatment of a congenital vascular
malformation can be undertaken. 
Sometimes, the phlebographic or duplex images
may give the impression of a hypoplastic vein
because of the presence of a perivenous sheath or
fibrous band along the vessel. Servelle38 described
71 patients in whom the “aplastic vein” became nor-
mal after it had been freed from the fibrous band.
The senior author has observed this condition in
three cases,40 and Gloviczki et al42 have made the
same observation in their surgical experience. In one
of our cases with hemodynamic venous obstruction,
the phlebographic image and the duplex scan were
misleading because of the presence of large superfi-
cial varicosities that made the identification of the
popliteal vein difficult. At operation, aplasia of the
popliteal vein was discovered.21 Koslow (oral com-
munication, September 1994) described the case of
a 12-year-old Russian boy with apparent phlebo-
graphic aplasia of the superficial femoral vein that
became practically normal after lysis of a perivenous
band. We are not aware of other similar reports. In
the current era of sophisticated imaging with duplex
color flow, computed tomography, and MRI scan-
ning, the possibilities of misinterpreting the phlebo-
graphic images should be rare. Only cases with
severe hemodynamic venous obstruction should be
explored with the objective of bypassing the
obstruction. 
Segmental atresia of the inferior vena cava may
manifest initially as iliofemoral venous thrombosis.
Rancaño et al48 reported seven patients who had
episodes of iliofemoral venous thrombosis. There
were four women and three men, with a mean age of
36 years. Two women were on contraceptive med-
ication. Three patients experienced the development
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of phlegmasia cerulea dolens, which culminated in
amputation in one case. Five years later, four of the
patients had severe postthrombotic sequelae. In the
patients reported by Rancaño et al, segmental apla-
sia of the inferior vena cava was asymptomatic until
thrombosis of the iliofemoral segment occurred.
During the studies that followed, the congenital
anomaly of the inferior vena cava became evident.
This series stresses the importance of investigating
anomalies of the inferior vena cava or other major
venous trunks in patients with deep venous throm-
bosis of obscure cause. 
Intractable venous leg ulcers may be a manifesta-
tion of venous hypertension as the result of aplasia
of the major pelvic venous trunks. Fig 2 shows a
42-year-old woman with a predominantly venous
malformation (Klippel Trenaunay syndrome) and
phlebographic aplasia of the left iliac axis. Crossover
Fig 2. There is aplasia of the left iliofemoral vein segment demonstrated in the ascending phle-
bography of this patient with Klippel Trenaunay syndrome. Crossover collateral circulation is
clearly seen filling the opposite iliac venous system. There was hemodynamic obstruction and
a chronic venous leg ulcer on the lateral aspect of the lower leg.
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collateral circulation through large suprapubic
venous trunks is clearly seen filling the opposite iliac
system. A 2-year-old painful venous ulcer, a capillary
malformation (port wine stain), and collateral veins
are present on the lateral aspect of the lower leg.
Excision of the large suprapubic and lower leg col-
lateral varicosities would be ill-advised because it
could jeopardize the venous outflow and worsen the
existing venous hypertension. The ulcer healed in 2
weeks after the surrounding venous trunks under-
went sclerosis with 1% sodium tetradecyl sulfate
(Sotradecol). This treatment decreased the regional
venous hypertension.49 In cases of intractable hyper-
tensive venous ulcers caused by iliac obstruction, a
Palma crossover venovenous bypass graft should be
considered. 
Venous aneurysms were documented in five of the
eight reviewed series (Table II; Fig 3). These anom-
alies are particularly dangerous because they are usu-
ally asymptomatic and because their first manifesta-
tion is an episode of pulmonary embolism.17,50-54
With the availability and extensive use of ultrasound
scanning for the screening of patients with varicose
veins and other vascular and nonvascular diseases,
venous aneurysms are being detected more often than
in the past. Multiple venous aneurysms may be pre-
sent in some combined vascular malformations (such
as the Klippel Trenaunay, Parkes-Weber, and Maffucci
syndromes). In a recent publication,17 we reported a
series of 39 venous aneurysms. Only 21 of them met
the criteria to be included in the current analysis.
Venous aneurysms may be associated with other types
of venous anomalies, such as diffuse phlebectasia. 
The latter should not be confused with a venous
aneurysm, which, by definition, is a well-localized
dilatation. Phlebectasias are diffuse venous dilatations
and involve long segments of the venous trunks.
However, both types of anomalies may be conducive
to deep venous thrombosis and its sequelae.
Avalvulia or absence of venous valves is not
apparent at birth. It is an autosomal-dominant
anomaly that leads to significant venous reflux. This
results in chronic venous insufficiency. Avalvulia was
reported in four of the eight reviewed series. Severe
swelling and pain of unknown origin may be the first
manifestations. An arteriogram-like phlebogram is
diagnostic of avalvulia.18-20 The deep veins in a nor-
mal phlebogram have an irregular contour because
of the valve sinus dilatations. When there is absence
of venous valves, the phlebogram is remarkably
smooth and uniform, resembling a normal arteri-
ogram. Descending phlebography is diagnostic.
Fig 3. The diagnosis and treatment of venous aneurysms are shown. The MRI (left upper and
lower panels) demonstrates the depth and extent of the malformation. Phlebography (right
upper quadrant) provides an anatomic localization and morphologic information on size and
relationship of the aneurysm with the venous system. The right lower quadrant illustrates the
surgical treatment of venous aneurysms, which may consist of total excision or tangential repair.
However, we have used both descending phlebogra-
phy and a technique of ascending phlebography with
diluted contrast material with which the presence or
absence of valves can be diagnosed with certainty.
Phlebography, either alone or in association with
other angiographic techniques such as varicography,
was extensively used in our series to investigate the
venous anatomy and to confirm the diagnosis of
avalvulia, aplasia, or hypoplasia. Functional ascend-
ing phlebography was used by Gorenstein et al20 to
diagnose avalvulia in 10 children with congenital
vascular malformations of venous predominance.
In our review of deep venous anomalies associat-
ed with congenital vascular malformations of venous
predominance, we found that associated anomalies
of the superficial venous46 and lymphatic systems
were reported in all but one of the reviewed series.
These anomalies may magnify the hemodynamic
severity of the disease. The elephantiasis-like aspect
of some patients with the Klippel Trenaunay syn-
drome, for example, is due to the severe involvement
of the lymphatic system (Fig 1).55,56 Other anom-
alies of the deep venous system that do not usually
have clinical significance but need to be mentioned
are the duplications and malposition of the deep
venous trunks. 
Duplications are not truly anomalies, but it is of
practical interest to know that the femoral vein is
duplicated in 20% of the individuals. In the course of
human cadaver dissections performed at the
Uniformed Services University of the Health
Sciences to study the valve distribution in the super-
ficial and deep venous systems, the authors found
duplication of the femoral vein in 20% of the speci-
mens.57 In the same manner, duplication or malpo-
sition of other main venous trunks (such as the infe-
rior vena cava) have also been reported. Even
though they are asymptomatic, their presence
should be of importance, especially in those individ-
uals in whom a surgical intervention is planned (Fig
2). The approach to the diagnosis and treatment of
congenital vascular malformations is multidiscipli-
nary and should involve the vascular surgeon, plastic
surgeon, interventional radiologist, and other disci-
plines whose contributions are important in the
management of these challenging problems.
The various classifications and multiple eponyms
make it difficult to determine the true prevalence of
deep venous anomalies in patients with congenital
vascular malformations. Efforts to establish a univer-
sal classification of congenital vascular malformations
have begun.11-13 Some of the differences encoun-
tered between our series and those of the internation-
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al literature reviewed may be due to the particular
focus of the investigation in each study. Often an
investigator focuses on one feature of a malformation,
disregarding (and therefore not reporting) other
anomalies that may be present. Because of the het-
erogeneity of the material reviewed, the statistical
analysis of the series was performed with meta-analy-
sis and a homogeneity test. The latter was used to
detect the presence of significant differences in the
reviewed material and to obtain a median of preva-
lences of the series analyzed.
Because of the relatively high prevalence of deep
venous anomalies encountered in patients with con-
genital vascular malformations of venous predomi-
nance, we recommend that patients with this type of
malformations be screened to rule out deep venous
anomalies. There are some deep venous anomalies
that do not have clinical significance. However,
there are others (such as aplasia or hypoplasia of the
major venous trunks and venous aneurysms) whose
diagnosis is important to prevent serious therapeutic
consequences 
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